| INTRODUC TI ON
Vaginal delivery (VD) is considered a risk factor for injuries to the pelvic floor, including the tearing of the anal sphincter and impaired pudendal nerve function. [1] [2] [3] This damage may have short-term and long-term consequences, such as anal incontinence (AI), including leakage of gas or the unintentional loss of solid or liquid stool. [4] [5] [6] Whether an elective cesarean section (CS) can prevent the potential impact of delivery on women's future health remains unknown. 1, 7 However, the belief that CS may prevent the development of AI may be one of the reasons for increased requests for CS.
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Anal continence is a complex physiological mechanism dependent on factors such as bowel disease, bowel habits, cortical awareness, integrity of the pelvic floor muscles, and the anal sphincter muscles in particular, as well as a number of psychological factors. 9, 10 Fecal incontinence (FI) and AI are defined as the involuntary loss of solid or liquid stool, and loss of stool or gas, respectively. Fecal urgency is defined as having difficulty deferring a sudden or compelling desire to defecate. 11 Previous studies have reported that a disturbance in bowel habits and pelvic floor disorders such as AI, fecal urgency, constipation, and pelvic organ prolapse often co-occur, and the quality of life of women experiencing more than one pelvic floor disorder is affected. 2, 12, 13 Furthermore, other studies have shown that AI, in particular, may have a devastating impact on women's social, emotional, and physical activity as well as their quality of life. 14, 15 AI is associated with increasing age, obesity, pregnancy, instrumental VD, and obstetric anal sphincter injury (OASIS). 5, 14, [16] [17] [18] [19] [20] The role of planned CS in order to prevent OASIS, AI, and the potential impact of delivery on women's future health remains unclear 1, 7, 21 A Cochrane Review concluded that planned CS showed no benefit in the prevention of AI in postpartum women.
7
The aim of this study was to explore whether women who only had delivered vaginally were at greater risk of developing AI than women who had undergone only cesarean sections or women who had never experienced childbirth. . 22 Data on AI from this study were linked to information on the mode of delivery, obtained from the Norwegian Medical Birth Registry ( Figure 1 ). In the Nord-Trøndelag Health Study 3, questions on AI were posed along with a broad range of health-related topics to women aged 30 years and above. The women were asked to indicate whether they experienced involuntary leakage (never/rarely, weekly, or daily) during the month prior to participating in the study.
| MATERIAL AND ME THODS
Information
20
Information on all births in Norway has been registered in a common database, the Norwegian Medical Birth Registry, since 1967. 23 Only women who had delivered before the Nord-Trøndelag Health Study 3 were included. The following were excluded: those who had delivered before 1967 (n = 3370), those who had delivered both vaginally and by CS (n = 1274), with multiple gestations (n = 514), and those with more than four deliveries (n = 299). In addition, we excluded women with missing information on AI (n = 4662), those who were pregnant at the time of participating in the NordTrøndelag Health Study 3 (n = 111) and women who were aged 80 years and older when participating in the Nord-Trøndelag Health Study 3 (n = 1003).
Anal incontinence was defined as the involuntarily loss of feces or flatus weekly or more frequently during the previous month.
Fecal incontinence was defined as any involuntary loss of feces weekly or more frequently during the previous month. Flatus incontinence was defined as any involuntarily loss of flatus (gas)
weekly or more frequently during the previous month. Women responding negative to the question, "Are you able to defer defecation and visiting the toilet for 15 minutes after first feeling the need to go?" were categorized as having fecal urgency. Any AI was defined as experiencing one or more AI symptoms.
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The women were categorized into four groups according to parity, mode of delivery, and OASIS; nulliparous women, women who had delivered by CS only, women with one or more VD with no OASIS, and women with one or more VD with OASIS. Age was categorized in 10-year groups (30- 
| Statistical analyses
Comparison of means between two groups was analyzed using the independent samples t test for continuous data, a chi-square 
| Ethical approval
The study was approved by the Regional Committee for Medical 
| RE SULTS
After exclusions, a total of 12 567 women were included ( Figure 1 ). Bold indicates statistically significant risk factor of any AI or fecal urgency (P < .05). CI, confidence interval; OASIS, obstetric anal sphincter injury; OR, odds ratio; -, variable removed after backwards selection due to nonsignificant association with the independent variables. 4000 g. Compared to women with cesarean sections only, the only significant association between any AI and mode of delivery, including being nulliparous, was found in women with VD and OASIS who had more than twice the risk of any AI (95% CI: 1.5-3.2). The odds ratio of also reporting fecal urgency was 2.6 in women experiencing any AI (95% CI: 2.3-3.1) ( Table 2 ). In the separate multivariate logistic regression analyses including parous women only, similar results were seen for any AI; however, women with four deliveries had twice the risk of any AI compared with those with fewer deliveries (Table 3 ). The same pattern was also observed when only primiparous women were included; however, education and birthweight was not associated with an increased risk of AI in this group (Table 4) .
Increasing age, increasing symptoms, severity in diarrhea, and experiencing any AI increased the odds of experiencing fecal urgency in the analyses including both nulliparous and parous women, Bold indicates statistically significant risk factor of any AI or fecal urgency (P < .05). CI, confidence interval; OASIS, obstetric anal sphincter injury; OR, odds ratio; -, variable removed after backwards selection due to nonsignificant association with the independent variable.
as well as in the separate analyses including parous women only.
Interestingly, having a higher educational level reduced the risk of fecal urgency (Tables 2 and 3 ).
| D ISCUSS I ON
In this large population-based cohort study we found no association between AI or fecal urgency and mode of delivery when women with CS were compared to the total group of women with VD. However, more women with VD complicated by OASIS reported AI than nulliparous and other parous women. Women aged 40 years and older were at increased risk of AI and fecal urgency when all participating women or all parous women were included in the analyses. Among primiparous women, only women aged 50 or over were at increased risk of AI. No association was found between age and fecal urgency in this group. Other non-delivery-related factors associated with reporting any AI were educational level, fecal urgency, and reporting diarrhea or constipation during the last year. OASIS and macrosomia (birthweight ≥4000 g of the first infant) increased the risk of any AI in all the participating women, whereas parity was significantly associated with an increased risk of any AI amongall parous women only. No deliveryrelated factors were found to be associated with fecal urgency.
Diarrhea and reporting AI increased the risk of fecal urgency, whereas women who had achieved a higher educational level had a reduced risk of fecal urgency.
There is conflicting evidence of the benefit of CS in the prevention of postpartum AI. 7 Some studies suggest that the timing of a CS, and CS in late labor in particular, may have an impact on the continence mechanism. 24 In a recent review, CS was shown to have a protective effect on postpartum AI in the short-term. However, from 6-months postpartum, no significant association between the mode of delivery and AI was found. 3 
27
An American population-based survey found that women were more likely to have fecal urgency before an episode of leakage than men, indicating a deficit in the external anal sphincter muscle. 13 Moreover, some studies suggest that the grade of OASIS is associated with an increasing risk of AI both in the short 4 and the long term. 5, 6 We did not have information about the grade of OASIS in our data, and were thus unable to explore this association further. Previous studies have
shown that delivery-related factors such as parity, birthweight, and instrumental delivery increase the risk of OASIS and postpartum AI in the long term. 2, 5, 17, 28 In the present study, only women with four deliveries were at increased risk of AI, and in contrast with other studies, we found no association between forceps delivery and AI or fecal urgency. MacLennan et al (2000) showed that increasing parity was associated with an increased risk of pelvic floor disorders, including AI. However, neither parity nor VD with suturing (OASIS not specified) was found to be associated with symptom severity in the Australian cross-sectional study. 2 Our results indicate that a normal VD, not complicated by OASIS, does not increase the risk of AI in the long term. However, part of the complex physiological mechanism of continence may be compromised by injury to the anal sphincter muscles, and in the event of one or more risk factor occurring during labor, the combination of these delivery-related risk factors may potentially result in a synergistic impact on the development of AI symptoms after delivery and in the long term.
3,27
Increasing age and diarrhea were among the most consistent factors associated with an increase in risk of AI in recent systematic reviews. 3, 29 The effect of aging includes reduced rectal compliance, reduced rectal sensation, and perineal laxity. 13, 30 In the present study the risk of AI and fecal urgency was increased among women aged 50 years and more. However, the mean age of the present study population (49.9 years) was relatively low, and women who had delivered by CS exclusively or had one or more VDs complicated by OASIS were 5-10 years younger than the other participating women. Subsequently, only one-third was postmenopausal in these groups compared with more than 50% of the women who were nul- In concurrence with our findings, previous studies have shown strong associations between AI and gastrointestinal factors such as diarrhea and constipation, as well as stool consistency and irritable bowel syndrome. 12,13,20 Donnelly et al (1998) found that women with irritable bowel syndrome were at increased risk of postpartum fecal urgency and flatus incontinence, but not OASIS compared with primiparous women with no irritable bowel syndrome. 31 Others have concluded that among women with irritable bowel syndrome, VD is an acceptable mode of delivery except for women with irritable bowel syndrome, who are at high risk of OASIS. 21 The associations between diarrhea and constipation were strong both in analyses including nulliparous women and those including primiparas only, supporting the knowledge base that AI later in life is associated with factors independent of mode of delivery. Furthermore, our results show a strong association between any AI and fecal urgency in all statistical models. This is in concurrence with previous findings indicating that women with one pelvic floor disorder are more likely to also experience other pelvic floor disorders. 12 Moreover, previous studies have shown that women who experience incontinence symptoms prior to pregnancy and delivery are at increased risk of postpartum AI. 28, 32, 33 A Danish population-based cohort study concluded that women who had an OASIS at their first delivery and experienced AI symptoms prior to their second pregnancy, were at increased risk of long-term AI regardless of the mode of their second delivery. However, women who had a second VD were at higher risk of deteriorating AI symptoms than women with a planned CS at their second delivery.
28
Unfortunately we did not have information about AI symptoms before participation in the Nord-Trøndelag Health Study 3 and we were thus unable to include this in our analyses.
Reports on the prevalence of postpartum AI in the short and long term vary depending on the population, definition, and measuring tool used. In order to fit the questionnaire in the NordTrøndelag Health Study, the main outcome measures, AI, and fecal urgency were based on a modified version of the St Mark's incontinence score, including the response alternatives never/rarely, weekly, or daily. 20 Consequently, women with symptoms occurring TA B L E 4 Risk factors for anal incontinence (AI) after delivery among primiparous women (n = 1330 Bold indicates statistically significant risk factor of any anal incontinence or fecal urgency (P < .05). CI, confidence interval; OASIS, obstetric anal sphincter injury; OR, odds ratio; -, variable removed after backwards selection due to nonsignificant association with the independent variables. less frequently than weekly were included in the continent category, and a conservative estimate of FI, leakage of stool, or flatus weekly or more often was applied. In addition, the Nord-Trøndelag 
This is higher than the 27% reporting any AI and 10%-15% reporting fecal urgency in the present study.
The strength of the present study is that it is population based and includes a large number of nulliparous as well as parous women. Furthermore, the delivery-related data were collected from the Norwegian Medical Birth Registry. Notification to the Norwegian Medical Birth Registry is compulsory and all deliveries are recorded by the attending midwife or obstetrician. Previous studies have suggested that maternal recall of OASIS is poor.
27
However, others indicate that reported data on pregnancy, first deliveries, and onset of AI symptoms are associated with such significant events in life that it is unlikely that the collected data are affected by recall bias. 34 Data on OASIS collected from Norwegian Medical Birth Registry are reputed to be of high quality, 23 thus reducing the risk of bias in the present study.
The response rate in the Nord-Trøndelag Health Study 3 among women aged 30-80 years was relatively high (61%). However, a recent study revealed that, compared with nonparticipants, participants in the Nord-Trøndelag Health Study 3 had a significantly higher socioeconomic status, as well as lower mortality and prevalence of several chronic diseases. 35 This selection bias may be considered one of the main limitations in our study and may have influenced our prevalence rates, but it is unlikely to have influenced the association between AI and mode of delivery. Furthermore, compulsory notification to the Norwegian Medical Birth Registry was initiated in 1967, and we had no other available source of information on delivery-related variables. Therefore, the oldest female participants in the Nord-Trøndelag Health Study with no delivery-related data registered in Norwegian Medical Birth Registry were excluded from our data analyses. This selection bias, in combination with the significant differences in educational level, parity, and birthweight between the groups may have had an impact on our findings, and thus our results must be interpreted with caution.
| CON CLUS ION
This large population-based study of parous and nulliparous women has shown that CS does not seem to protect against the development of AI, either in the short term or in the long term. However, when the VD had been complicated by OASIS we found a significantly increased risk of AI. Our findings also indicate that AI later in life is caused by factors independent of the mode of delivery.
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